Collisional Histories of Comets and Trojan Asteroids: Insights from Forsterite and Enstatite Impact Studies. 
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Introduction: The history of small bodies is dy- 
namic, and suggests that their surfaces may not be as 
pristine as previously envisioned. Comets undergo 
many collisions throughout their 4'A billion year life- 
time. But perhaps the Late Heavy Bombardment, as 
suggested by the Nice Model [1], [2], [3], has had the 
greatest effect on small relics of solar system forma- 
tion such as the Trojan asteroids, which may have a 
Kuiper Belt, and thus cometary origin. Collisions that 
occurred between small bodies such as these may har- 
bor historic signatures that we can detect in spectra 
taken with both ground and space -based observatories. 

Experiments: We have conducted a suite of im- 
pact experiments that investigate how shocks originat- 
ing from impacts between small bodies and by micro- 
meteoroid impacts might affect the crystalline structure 
of refractory components commonly found in comet 
dust. In this study, we focus on two minerals: forsterite 
(Mg-rich olivine) and orthoenstatite (Mg-rich pyrox- 
ene). These two refractory components have been 
identified in Stardust grains collected from Comet 
Wild 2 [4], and signatures of these silicates are ob- 
served in the 8 - 13 pm spectral region of the dust co- 
mae of comets (e.g. Comet Tempel 1 [5] and Hale- 
Bopp [6]). 

A set of experiments were designed to determine 
whether the physical mainifestations due to shocks 
imposed by collisions might also cause alterations in 
the infrared spectra of minerals. 

3.18-mm ceramic speheres impacted the targets at 
velocities of ~2.0, 2.45, and 2.8 km s" 1 . These are typi- 
cal encounter speeds in the Kuiper Belt, and would 
also be experienced by Trojan asteroids. Ceramic 
(aluminium oxide, p ~ 3.6 g cm" 3 ) was chosen to simu- 
late impacts by rocky materials. Targets included 
whole (solid rock) and granular samples. All experi- 
ments were carried out in the JSC Experimental Impact 
Lab using the vertical gun. 

Analysis: Shocked samples were analyzed using a 
Fourier Transform Infrared Spectrometer (FTIR). A 
representative spectrum of ceramic was subtracted 
from all impacted spectra and compared with spectra 
of samples that were not impacted (see Jensen et ah, 
this meeting for further details). 

Laboratory spectra demonstrate that shock can 
cause the wavelengths of the peaks to both shift long- 


ward (or shortward, depending on the peak), as well as 
cause the amplitude of the peaks to change. Lindsay 
[7] investigated how variations in the length of the 
axes of the crystalline structure of forsterite might af- 
fect the absorbance in the 8-13 pm spectral region, 
using a discrete dipole approximation. The observed 
changes (amplitude changes and wavelength shifts) in 
the impacted laboratory spectra can be explained by 
either elongating or shortening the axes of the crystals. 

Shocked samples were also evaluated with a Trans- 
mission Electron Microscope (TEM). Dislocations on 
the order of 10 10 cm" 2 were observed, which is attrib- 
uted to deformation at high strain rates and low tem- 
peratures [8], [9]. Similar planar dislocations were 
observed in TEM images of two Stardust grains [10] 
[11], which were attributed to shocks that occurred 
prior to aerogel capture. 

Summary and Conclusions: Impacts into forster- 
ite and orthoenstatite at speeds typically encountered 
by comets demonstrate that shock imparted by colli- 
sions is detectable in the infrared signatures of their 
dust. The spectral signatures can be traced to physical 
alterations in their crystalline structures, as observed in 
TEM imaging and modeled using a dipole approxima- 
tion. These results yield tantalizing insights into the 
collisional history of our solar system, as well as the 
history of individual comets and Trojan asteroids. 
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